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(57) ABSTRACT

A single supply level shifter converts an input logic level IN
into level shifted OUT and OUT_X. An IN inverter generates
level-shifted OUT at an OUT Node. IN is coupled at an INT
Node to a V,, supply rail, through an INT_Node PFET that
controls the INT Node based on OUT_X. An OUT_X net-
work includes a separate IN_X inverter (generating inverted
IN independent of level shifting), and an OUT_X circuit that
controls pull-up/down of an OUT_X Node to generate level-
shifted OUT_X, receiving control inputs from both IN and
IN_X inverters. The OUT_X circuit is a three FET stack: a
pull-up/down PFET/NFET pair receives IN_X, and an
OUT_X Node control PFET, coupled between the pull-up
PFET and the OUT_X Node, receives OUT. Based on OUT
and IN_X, the OUT_X circuit generates OUT_X as an
inverted OUT (including supplying OUT_X to the INT_Node
PFET to control the INT Node (including OUT pull-up).

18 Claims, 3 Drawing Sheets
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1
SINGLE SUPPLY LEVEL SHIFTER WITH
IMPROVED RISE TIME AND REDUCED
LEAKAGE

BACKGROUND

1. Technical Field

This Patent Document relates generally to logic level shift-
ing, such as can be used to interface separate circuits/modules
operating in different voltage domains (different voltage sup-
ply levels).

2. Related Art

Logic level shifters convert logic levels from one voltage
domain to another, operating with different supply voltages.
The voltage domains can be between different modules of a
single IC (integrate circuit), such as core and I/O, or between
different ICs.

Logic level shifters can be implemented with single or dual
supply configurations. Single supply level shifters enable
logic level conversion between voltage domains without
requiring separate supply rails (in multi-IC configurations,
without requiring separate supply pins). However, a disad-
vantage of single supply level shifters is increased static
power consumption due to increased leakage currents. In
particular, as supply voltages are decreased with scaling, the
leakage component of total power dissipation increases in
significance.

FIG. 1 illustrates a single supply level shifter 10. An input
inverter M1/M2 is coupled to a supply network M3/M4 at an
INT Node. The input inverter M1/M2 receives a logic signal
IN (IN=1,0) and outputs a level shifted OUT (inverted IN) at
an OUT Node. A following OUT_X inverter M5/M6 outputs
OUT_X (inverted OUT) at an OUT_X Node. The single
supply network includes a pull-up PFET M3 in parallel with
a diode connected NFET M4. PFET M3 is controlled by
feedback control corresponding to OUT_X.

For IN=0 (OUT=1), M2 pulls up the OUT node (M1 is
switched off), switching M5 off and M6 on pulling down the
OUT_X node. OUT_X=01is fed back to switch off PFET M3.
Initially, the OUT node is pulled up toward V,,, (minus the
M4 diode drop) by M2/M4. In response to OUT_X=0, PFET
M3 switches onto pull up the INT node to V,, (minus aV ),
completing pull-up of the OUT Node to OUT=1 (note that the
OUT Node is loaded by M6 pulling down the OUT_X Node).

For IN=1 (OUT=0), M2 is switched off and M1 is switched
on, pulling down the OUT node, and switching M6 off and
M5 on. M5 pulls up the OUT_X node, and OUT_X=1
switches off PFET M3. With M3 off, the INT node (Vs 0f M2)
is below V ,, by the M4 diode drop, ensuring M2 is switched
off by IN=1.

This type of design for a single supply level shifter presents
a number of disadvantages to minimizing leakage, particu-
larly where optimizing logic level rise times is a design con-
sideration. For example, the diode-connected NFET is slow,
always on, and loads the INT node (requiring larger M2 and
therefore larger M1). The pull-down NFET M6 loads the
OUT node, degrading rise time for OUT=1-increasing NFET
W can improve OUT_X pull-down, and thus OUT pull-up via
M3, but results in higher loading at OUT, which at least
partially counters the effect of increasing NFET W.

BRIEF SUMMARY

This Brief Summary is provided as a general introduction
to the Disclosure provided by the Detailed Description and
Figures, summarizing some aspects of the disclosed inven-
tion. It is not a detailed overview of'the Disclosure, and should
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2

not be interpreted as identifying key elements of the inven-
tion, or otherwise characterizing the scope of the invention
disclosed in this Patent Document.

The Disclosure describes apparatus and methods for logic
level shifting adaptable for operation with a single supply, as
“single supply” is defined in the Disclosure, including a volt-
age domain with a positive supply and a ground/reference that
can be circuit ground.

In various embodiments, a level shifting methodology
according to this Disclosure enables level shifting an input
logic signal IN with logic_ 0 (IN=0) and logic_1 (IN=1)
states to a corresponding level shifted output logic signal that
is one of OUT or OUT_X (corresponding to an inverted
ouD.

In one embodiment, a single supply level shifting method-
ology includes providing, in response to the input logic signal
IN, both OUT at an OUT Node and IN_X at an IN_X Node,
both corresponding to inverted IN. In particular, OUT at the
OUT Node is provided by pulling up the OUT Node for
OUT=1 (inverted IN=0), and pulling down the OUT Node for
OUT=0 (inverted IN=1).

This embodiment of the methodology further includes pro-
viding, based on OUT and IN_X, OUT_X as an inverted OUT
at an OUT_X Node, including: (a) providing pull-up/down
for the OUT_X Node based on respectively IN_X=0 and
IN_X=1; and (b) controlling OUT_X Node pull-up/down
based on an OUT control signal corresponding to OUT at the
OUT Node. In response to IN_X and the OUT control signal,
OUT_X s generated by: (a) for IN_X=0 and OUT=0, pulling
up the OUT_X Node to generate OUT_X=1; and (b) for
IN_X=1 and OUT=1, terminating OUT_X Node pull-up, and
pulling down the OUT_X Node to OUT_X=0.

This embodiment of the methodology further includes con-
trolling an INT Node coupled between the OUT Node and the
supply rail, based on an OUT_X control signal corresponding
to OUT_X. Controlling the INT Node includes pulling up the
INT Node based on OUT_X=0, and terminating INT Node
pull-up based on OUT_X=1.

As a result, this embodiment of the single supply level
shifting methodology enables controlling pull-up of the OUT
and OUT_X Nodes based on respectively the OUT_X and
OUT control signals, by: (a) for IN=0 (OUT=1, OUT_X=0),
pulling down the OUT_X Node to OUT_X=0 in response to
IN_X=1 and an OUT=1 control signal, and providing an
OUT_X=0 control signal to control INT Node pull-up, and as
aresult pulling up the OUT Node to OUT=1; and (b) for IN=1
(OUT=0, OUT_X=1), pulling up the OUT_X Node to
OUT_X=1 in response to IN_X=0 and an OUT=0 control
signal, and providing an OUT_X=1 control signal to termi-
nate INT Node pull up, and enable pulling down the OUT
Node to OUT=0.

In other embodiments of the single supply level shifting
methodology: (a) providing OUT as an inverted IN at an OUT
Node is accomplished by an IN inverter including PFET and
NFET transistors, gate coupled at the IN Node, and drain-
coupled at the OUT Node, the PFET source coupled to the
INT Node and the NFET source coupled to the ground/refer-
ence; and (b) the INT Node can be controlled by an
INT_Node PFET transistor source coupled to the supply rail
and drain coupled to the INT Node, and gate coupled to
receive the OUT_X control signal, and can be configured
such that, in response to an OUT_X=1 control signal, the INT
Node is disconnected from the supply rail.

In other embodiments of the single supply level shifting
methodology, providing OUT_X as an inverted OUT at an
OUT_X Node is accomplished by an OUT_X network con-
figured to provide OUT_X as an inverted OUT atthe OUT_X
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Node, including providing the OUT_X control signal to the
INT_Node PFET, where the OUT_X network includes: (a) an
IN_X inverter configured to receive IN from the IN Node, and
provide IN_X as an inverted IN at an IN_X Node; and (b)
OUT_X circuitry including OUT_X Node pull-up/down cir-
cuitry and a OUT_X_Node PFET series coupled between the
pull-up PFET and the OUT_X Node, and gate coupled to the
OUT Node to receive OUT as an OUT control signal. The
OUT_X Node pull-up/down circuitry includes pull-up PFET
and pull-down NFET transistors, gate coupled to the IN_X
Node, the pull-up PFET source coupled to the supply rail, and
the pull-down NFET drain coupled to the OUT_X Node and
source coupled to the ground/reference. The OUT_X cir-
cuitry is configured to control OUT_X based on IN_X and the
OUT control signal, such that: (a) for IN=0, the OUT_X
circuitry receives IN_X=1 at the pull-up/down PFET and
NFET, and an OUT=1 control signal at the OUT_X_Node
PFET, pulling down the OUT_X Node to OUT_X=0, and
providing an OUT_X=0 control signal to the INT_Node
PFET, which pulls-up the INT Node and as a result the OUT
Node is pulled up to OUT=1, and (b) for IN=1, the OUT_X
circuitry receives IN_X=0 at the pull-up/down PFET and
NFET, and an OUT=0 control signal at the OUT_X_Node
PFET, pulling up the OUT_X Node to OUT_X=1, and pro-
viding an OUT_X=1 control signal to the INT_Node PFET,
terminating pull-up of the INT Node.

Other aspects and features of the invention claimed in this
Patent Document will be apparent to those skilled in the art
from the following Disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a conventional single supply logic level
shifter, converting IN into OUT and OUT_X.

FIG. 2 illustrates an example embodiment of a logic level
shifter, according to the invention.

FIGS. 3A-3C provide example waveforms for the example
embodiment illustrated in FIG. 2, illustrating respectively:
(3A) Iypp, (3B) Vi, and 3C) Vour-

DETAILED DESCRIPTION

This Description and the Figures disclose example
embodiments and implementations that illustrate various fea-
tures and advantages of the invention, aspects of which are
defined by the Claims. Known circuits, functions and opera-
tions are not described in detail to avoid unnecessarily
obscuring the principles and features of the invention.

Asused in this Disclosure and the Claims, the term “single
supply” level shifter circuit means a level shifter configured
for a voltage domain characterized by a positive supply des-
ignated V ,, and a “ground/reference” sometimes designated
Vs (which for dual supply designs designates a negative
supply). Commonly, single supply level shifter designs will
use Vp and circuit ground (V;4~0). However, for level
shifter designs based on the single supply architecture of the
invention, the ground/reference is not required to be zero
volts. Instead, the requirement for the Vi, ground/reference
as used in single supply level shifter designs according to the
invention (including the illustrated example embodiment) is
that (i) V 4 is significantly less than V,,, and (ii) V ¢ for the
IN (input) domain is substantially the same as V g for the level
shifter domain. That is, the V. reference/ground should be
substantially the same for both the IN domain and the level
shifter domain.

In brief overview, in various example embodiments, a
single supply level shifter converts an input logic level signal
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IN into level shifted OUT and OUT_X. An IN inverter gen-
erates OUT at an OUT Node. The IN inverter is coupled at an
INT node to a V,, supply rail, through an INT_Node PFET
that controls the INT Node based on OUT_X. An OUT_X
network includes a separate IN_X inverter (generating
inverted IN independent of level shifting), and an OUT_X
circuit that controls pull-up/down of an OUT_X Node to
generate OUT_X. The OUT_X circuit receives control inputs
from both IN and IN_X inverters, and controls pull-up/down
at the OUT_X Node. The OUT_X circuit is configured as a
three FET stack: a pull-up/down PFET/NFET pair receives
IN_X (inverted IN), and an OUT_X Node control PFET,
coupled between the pull-up PFET and the OUT_X Node,
receives OUT (inverted IN). Based on OUT and IN_X, the
OUT_X circuit generates OUT_X as an inverted OUT (in-
cluding supplying OUT_X to the INT_Node PFET to control
the INT Node (including OUT pull-up).

FIG. 2 illustrates an example embodiment of a single sup-
ply level shifter circuit 100 according to the invention. As
illustrated, the level shifter voltage domain is configured as a
single positive V ,, supply rail with a ground/reference des-
ignated V.. As noted, the V ;s ground/reference can be circuit
ground (zero volts).

Level shifter 100 includes an input network 110 and an
OUT_X network 120. The level shifter receives at an input
Node N1 an input logic signal IN with logic_ 0 and logic_ 1
states (IN=0 and IN=1). Level shifter 100 converts the IN
logic signal received at N1 to a corresponding level shifted
output logic signal that can be either OUT (inverted IN) at an
OUT Node N2, or OUT_X (corresponding to inverted OUT)
at an OUT_X Node N3.

Input network 110 includes an input inverter 111 coupled at
an INT Node to the V,,, supply rail. Input inverter 111 is
coupled between the INT Node and the V ¢ ground/reference,
and is configured to receive IN at IN Node N1, and provide
OUT as an inverted IN at the OUT Node N2. The example IN
inverter 111 includes NFET M1 and PFET M2. M1/M2 are
gate coupled at the IN Node, and drain-coupled at the OUT
Node. The PFET M2 source is coupled to the INT Node and
the NFET M1 source is coupled to the ground/reference.

Input network 110 includes an INT_Node PFET M3
source coupled to the V,, supply rail and drain coupled to the
INT Node. M3 is controlled by an OUT_X control signal,
selectively pulling up the INT Node for OUT_X=1. As
described below, the OUT_X control signal corresponds to
OUT_X generated by the OUT_X network 120 in response to
IN at the OUT_X Node N3. Thus, for IN=0 and OUT_X=0,
and the resulting OUT_X=1 control signal, PFETs M2 and
M3 are switched on to pull up the OUT Node N2 to OUT=1.
For IN=1 and OUT_X=1, a resulting OUT_X=1 control sig-
nal switches off PFET M3, disconnecting the INT Node (and
PFET M2 which is switched oftf by IN=1) from the V,,
supply rail

According to aspects of the invention, by comparison with
the level shifter design illustrated in FIG. 1, a diode NFET at
the INT Node can be eliminated, thereby comparatively
reducing loading at the INT Node. As a result, the strength of
M2 can be comparatively reduced, with attendant reduction
in the sizes of M1 and M3.

OUT_X network 120 is configured to provide OUT_X as
an inverted OUT at the OUT_X Node N3, including provid-
ing OUT_X as the OUT_X control signal fed back to the
INT_Node PFET M3. The OUT_X network includes an
IN_X inverter 121 and an OUT_X circuit 123.

IN_X inverter 121 is coupled between the V ,, supply rail
and the ground/reference. The IN_X inverter is coupled to the
IN Node N1, and configured to provide IN_X as an inverted
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IN at an IN_X Node N4. The example IN_X inverter 121
includes NFET M7 and PFET M8, gate coupled to the IN
Node N1, and drain-coupled at the IN_X Node. PFET M8 is
source is coupled to the supply rail and NFET M7 is source
coupled to the ground/reference. A diode connected PFET
M9, coupled between the supply rail and the PFET M8, canbe
used to reduce the supply voltage at the PFET source.

OUT_X circuit 123 is coupled to receive IN_X from the
IN_X Node N4 (IN_X inverter 121), and an OUT control
signal corresponding to OUT from the OUT Node N2. The
OUT_X circuit is configured to provide OUT_X as an
inverted OUT at the OUT Node N3.

OUT_X circuit 123 comprises pull-up/down circuitry for
the OUT_X Node N3. The example OUT_X circuit is imple-
mented as a three transistor stack coupled between the V,,
supply rail and the ground/reference. OUT_X circuit 123
includes a pull-up PFET M4 and a pull-up OUT_X_Node
PFET M5, and a pull-down NFET M6. The PFET/NFET pair
M4/M6 are gate coupled to the IN_X Node in the IN_X
inverter 121. The pull-up M3 is source coupled to the supply
rail, and the pull-down M6 is source coupled to the ground/
reference, and drain coupled to the OUT_X Node.

The OUT_X_Node PFET MS5 is series coupled between
the M4 PFET and the OUT_X Node, and gate coupled to the
OUT Node to receive OUT as an OUT control signal. The
OUT_XPFET MS5 controls the pull-up/down operation of the
OUT_X circuit 123 at the OUT_X node.

According to aspects of the invention, by comparison with
the level shifter design illustrated in FIG. 1, OUT Node load-
ing is reduced, and control of the OUT_X Node (including
OUT_X=1 rise time) is enhanced. OUT is not used to gener-
ate OUT_X (as an inverted IN). Instead, OUT_X is generated
with IN_X as an inverted IN (from the IN_X inverter 121),
with OUT providing the OUT control signal for the pull-up
PFET MS that controls the OUT_X Node. Note that M7/M8/
M9 of the IN_X inverter 121 are only required to generate
IN_X, and are not part of the level shift, and can be sized
accordingly. Note, also, that, comparatively, OUT Node load-
ing is reduced because the OUT_X Node pull-down NFET
M6 does not load the OUT Node.

In operation, for IN=0, the OUT_X circuitry 123 receives
IN_X=1 at the pull-up/down pair M4/M6, and an OUT=1
control signal at the OUT_X_Node PFET MS5. The pull-up
M4 and the pull-up OUT_X_Node PFET M5 are switched
off, and the pull-down M6 is switched on to pull down the
OUT_X Node to OUT_X=0.

OUT_X=0 is fed back to the PFET M3 controlling the
INT_Node as an OUT_X=0 control signal. M3 switches on,
pulling up the INT Node, and as a result the OUT Node is
pulled up to OUT=1.

For IN=1,the OUT_X circuitry 123 receives IN_X=0at the
pull-up/down pair M4/M6, and an OUT=0 control signal at
the OUT_X_Node PFET M5. The pull-up PFET M4 and the
OUT_X_Node PFET MS5 are switched on, and the pull-down
M6 is switched off, pulling up the OUT_X Node to
OUT_X=1.

OUT_X=1 is fed back to the PFET M3 controlling the
INT_Node as an OUT_X=1 control signal. M3 switches off,
terminating INT Node pull-up, and disconnecting the INT
Node form the V,, supply rail.

That is, the INT_Node PFET M3 and the OUT_X_Node
PFET M5 are controlled respectively by the OUT_X control
signal and the OUT control signal.

For IN=0 (OUT=1), the corresponding OUT=1 control
signal switches oft the OUT_X_Node PFET MS5 terminating
pull-up of the OUT_X Node, which is pulled down to
OUT_X=0. The resulting feedback OUT_X=0 control signal
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causes the INT_Node PFET M3 to pull-up the INT Node, and
thereby pull up the OUT Node to OUT=1.

For IN=1 (OUT=0), the corresponding OUT=0 control
signal switches on the OUT_X_Node PFET M5, pulling up
the OUT_X Node to OUT_X=1. The resulting feedback
OUT_X=1 control signal switches off the INT_Node PFET
M3, terminating INT Node pull-up (disconnecting the INT
Node from the V,, supply rail).

FIGS. 3A-3C provide example waveforms for the example
embodiment illustrated in FIG. 1. FIG. 3A illustrates 1,
(current from supply V), FIG. 3B illustrates V, and FIG.
3C illustrates the level shifted V 5,1

According to aspects of the invention, by comparison with
the level shifter design illustrated in FIG. 1, both leakage and
OUT/OUT_X rise times (pull-up delays) are reduced. For
example: (a)loading is reduced at both the OUT Node and the
OUT_XNode, (b) a diode-connected NFET is not required at
the INT Node (reducing supply voltage for the IN inverter),
and (c) use of a separate IN_X inverter not involved in level
shifting reduces pull down requirements (M7 in the example
embodiment). Specifically regarding transistor sizing: (a)
because INT loading is reduced, M2 size can be reduced,
enabling reduction in the size of M1; and (b) in the IN_X
inverter, because the pull down M7 can be small, the sizes of
M8 and M9 can also be reduced. Further, the three transistor
arrangement for the OUT_X circuit (M4/M5/M6) reduces
leakage in comparison to the OUT_X output stage in FIG. 1
(M5/M6).

The Disclosure provided by this Description and the Fig-
ures sets forth example embodiments and implementations,
including associated operations and methods, which illustrate
various aspects and features of the invention. This Disclosure
can be used by those skilled in the art as a basis for design
modifications, substitutions and alternatives to construct
other embodiments, including adaptations for other applica-
tions. Accordingly, this Disclosure does not limit the scope of
the invention, which is defined by the Claims.

The invention claimed is:

1. Alogic level shift circuit with a single voltage supply rail
for level shifting an input logic signal IN with logic_ 0 and
logic_ 1 states (IN=0 and IN=1) to a corresponding level
shifted output logic signal that is one of OUT or OUT_X
(corresponding to an inverted OUT), comprising:

an IN inverter circuit configured to receive IN at an IN

Node, and provide OUT as an inverted IN at an OUT
Node, the IN inverter coupled between an INT Node and
a ground/reference;
anINT_Node PFET transistor source coupled to the supply
rail and drain coupled to the INT Node, and controlled
by an OUT_X control signal corresponding to OUT_X
to provide INT Node pull-up in response to an
OUT_X=0 control signal;
an OUT_X network configured to provide OUT_X as an
inverted OUT at an OUT_X Node, including providing
the OUT_X control signal to the INT_Node PFET, the
OUT_X network including:
an IN_X inverter circuit configured to receive IN from
the IN Node, and provide IN_X as an inverted IN at an
IN_X Node;
OUT_X circuitry including
OUT_X Node pull-up/down circuitry including pull-
up PFET and pull-down NFET transistors, gate
coupled to the IN_X Node, the pull-up PFET
source coupled to the supply rail, and the pull-down
NFET drain coupled to the OUT_X Node and
source coupled to the ground/reference; and
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an OUT_X Node PFET transistor series coupled

between the pull-up PFET and the OUT_X Node,

and gate coupled to the OUT Node to receive OUT

as an OUT control signal;

the OUT_X circuitry configured to control OUT_X

based on IN_X and the OUT control signal, such

that:

for IN=0, the OUT_X circuitry receives IN_X=1 at
the pull-up/down PFET and NFET, and an
OUT=1 control signal at the OUT_X_Node
PFET, pulling down the OUT_X Node to
OUT_X=0, and providing an OUT_X=0 control
signal to the INT_Node PFET, which pulls-up
the INT Node and as a result the OUT Node is
pulled up to OUT=1, and

for IN=1, the OUT_X circuitry receives IN_X=0 at
the pull-up/down PFET and NFET, and an
OUT=0 control signal at the OUT_X_Node
PFET, pulling up the OUT_X Node to
OUT_X=1, and providing an OUT_X=1 control
signal to the INT_Node PFET, terminating pull-
up of the INT Node.

2. The circuit of claim 1, wherein the INT_Node PFET
connects the INT Node to the supply rail, such that, in
response to the OUT_X=1 control signal, the INT Node is
disconnected from the supply rail.

3. The circuit of claim 1, wherein the IN inverter includes
PFET and NFET transistors, gate coupled at the IN Node, and
drain-coupled at the OUT Node, the PFET source coupled to
the INT Node and the NFET source coupled to the ground/
reference.

4. The circuit of claim 1, wherein the IN_X inverter
includes PFET and NFET transistors, gate coupled to the IN
Node, and drain-coupled at the IN_X Node, the PFET source
coupled to the supply rail and the NFET source coupled to the
ground/reference.

5. The circuit of claim 4, further comprising a diode con-
nected PFET coupled between the supply rail and the PFET of
the IN_X inverter, to reduce the supply voltage at the PFET
source.

6. The circuit of claim 1, wherein the ground/reference
comprises a circuit ground.

7. A logic level shifter with a single voltage supply rail for
level shifting an input logic signal IN with logic_0 and
logic_ 1 states (IN=0 and IN=1) to a corresponding level
shifted output logic signal that is one of OUT or OUT_X
(corresponding to an inverted OUT), comprising:

an IN inverter configured to receive IN at an IN Node, and

provide OUT as an inverted IN at an OUT Node, the
inverter including PFET and NFET transistors, gate
coupled at the IN Node, and drain-coupled at the OUT
Node, the PFET source coupled to an INT Node and the
NFET source coupled to ground/reference;
an INT_Node PFET transistor source coupled to the supply
rail and drain coupled to the INT Node, and controlled
by an OUT_X control signal corresponding to OUT_X
to provide INT Node pull-up in response to an
OUT_X=0 control signal; and
an OUT_X network configured to provide OUT_X as an
inverted OUT at an OUT_X Node, including providing
the OUT_X control signal to the INT_Node PFET, the
OUT_X network including:
an IN_X inverter circuit configured to receive IN from
the IN Node, and provide IN_X as an inverted IN at an
IN_X Node;
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OUT_X circuitry including
OUT_X Node pull-up/down circuitry including pull-
up PFET and pull-down NFET transistors, gate
coupled to the IN_X Node, the pull-up PFET
source coupled to the supply rail, and the pull-down
NFET drain coupled to the OUT_X Node and
source coupled to the ground/reference; and
an OUT_X Node PFET transistor series coupled
between the pull-up PFET and the OUT_X Node,
and gate coupled to the OUT Node to receive OUT
as an OUT control signal;
the OUT_X circuitry configured to control OUT_X
based on IN_X and the OUT control signal, such
that:
for IN=0, the OUT_X circuitry receives IN_X=1 at
the pull-up/down PFET and NFET, and an
OUT=1 control signal at the OUT_X_ Node
PFET, pulling down the OUT_X Node to
OUT_X=0, and providing an OUT_X=0 control
signal to the INT_Node PFET, which pulls-up
the INT Node and as a result the OUT Node is
pulled up to OUT=1, and
for IN=1, the OUT_X circuitry receives IN_X=0 at
the pull-up/down PFET and NFET, and an
OUT=0 control signal at the OUT_X_ Node
PFET, pulling up the OUT_X Node to
OUT_X=1, and providing an OUT_X=1 control
signal to the INT_Node PFET, terminating pull-
up of the INT Node.

8. The logic level shifter of claim 7, wherein the INT_Node
PFET connects the INT Node to the supply rail, such that, in
response to the OUT_X=1 control signal, the INT Node is
disconnected from the supply rail.

9. The logic level shifter of claim 7, wherein the IN_X
inverter includes PFET and NFET transistors, gate coupled to
the IN Node, and drain-coupled at the IN_X Node, the PFET
source coupled to the supply rail and the NFET source
coupled to the ground/reference.

10. The logic level shifter of claim 9, further comprising a
diode connected PFET coupled between the supply rail and
the PFET ofthe IN_X inverter, to reduce the supply voltage at
the PFET source.

11. The logic level shifter of claim 7, wherein the ground/
reference comprises circuit ground.

12. A method of level shifting an input logic signal IN with
logic_ 0 (IN=0) and logic__1 (IN=1) states to a corresponding
level shifted output logic signal thatis one of OUT or OUT_X
(corresponding to an inverted OUT), the method operable
with a level shifter with a single voltage supply rail, compris-
ing:

in response to the input logic signal IN,

providing OUT as an inverted IN at an OUT Node,
including pulling up the OUT Node for OUT=1 (in-
verted IN=0), and pulling down the OUT Node for
OUT=0 (inverted IN=1); and

providing IN_X as an inverted IN;

providing, based on OUT and IN_X, OUT_X as an

inverted OUT at an OUT_X Node, including

providing pull-up/down for the OUT_X Node based on
respectively IN_X=0 and IN_X=1;

controlling OUT_X Node pull-up/down based on an
OUT control signal corresponding to OUT at the
OUT Node;

such that, in response to IN_X and the OUT control
signal, OUT_X is generated by:
for IN_X=0 and OUT=0, pulling up the OUT_X

Node to generate OUT_X=1; and
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for IN_X=1 and OUT=1, terminating OUT_X Node
pull-up, and pulling down the OUT_X Node to
OUT_X=0;
based on an OUT_X control signal corresponding to
OUT_X, controlling an INT Node coupled between the
OUT Node and the supply rail, including pulling up the
INT Node based on OUT_X=0, and terminating INT
Node pull-up based on OUT_X=1;
thereby controlling pull-up ofthe OUT and OUT_X Nodes
based on respectively the OUT_X and OUT control
signals, by:
for IN=0 (OUT=1, OUT_X=0), pulling down the
OUT_X Node to OUT_X=0 in response to IN_X=1
and an OUT=1 control signal, and providing an
OUT_X=0 control signal to control INT Node pull-
up, and as a result pulling up the OUT Node to
OUT=1; and
for IN=1 (OUT=0, OUT_X=1), pulling up the OUT_X
Node to OUT_X=1 in response to IN_X=0 and an
OUT=0 control signal, and providing an OUT_X=1
control signal to terminate INT Node pull up, and
enable pulling down the OUT Node to OUT=0.

13. The method of claim 12, wherein providing OUT as an
inverted IN at an OUT Node is accomplished by an IN
inverter including PFET and NFET transistors, gate coupled
at the IN Node, and drain-coupled at the OUT Node, the
PFET source coupled to the INT Node and the NFET source
coupled to the ground/reference.

14. The method of claim 12, wherein the INT Node is
controlled by an INT_Node PFET transistor source coupled
to the supply rail and drain coupled to the INT Node, and gate
coupled to receive the OUT_X control signal.

15. The method of claim 14, wherein the INT_Node PFET
connects the INT Node to the supply rail, such that, in
response to an OUT_X=1 control signal, the INT Node is
disconnected from the supply rail.

16. The method of claim 14, wherein providing OUT_X as
an inverted OUT at an OUT_X Node is accomplished by an
OUT_X network including:

an IN_X inverter configured to receive IN from the IN

Node, and provide IN_X as an inverted IN at an IN_X
Node; and
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10
OUT_X circuitry including

OUT_X Node pull-up/down circuitry including pull-up
PFET and pull-down NFET transistors, gate coupled
to the IN_X Node, the pull-up PFET source coupled
to the supply rail, and the pull-down NFET drain
coupled to the OUT_X Node and source coupled to
the ground/reference; and

an OUT_X Node PFET transistor series coupled
between the pull-up PFET and the OUT_X Node, and
gate coupled to the OUT Node to receive OUT as an
OUT control signal;

the OUT_X circuitry configured to control OUT_X
based on IN_X and the OUT control signal, such that:

for IN=0, the OUT_X circuitry receives IN_X=1 at
the pull-up/down PFET and NFET, and an OUT=1
control signal at the OUT_X_Node PFET, pulling
down the OUT_X Node to OUT_X=0, and provid-
ing an OUT_X=0 control signal to the INT_Node
PFET, which pulls-up the INT Node and as a result
the OUT Node is pulled up to OUT=1, and

for IN=1, the OUT_X circuitry receives IN_X=0 at
the pull-up/down PFET and NFET, and an OUT=0
control signal at the OUT_X_Node PFET, pulling
up the OUT_X Node to OUT_X=1, and providing
an OUT_X=1 control signal to the INT_Node
PFET, terminating pull-up of the INT Node.

17. The method of claim 16,

wherein the IN_X inverter includes PFET and NFET tran-
sistors, gate coupled to the IN Node, and drain-coupled
at the IN_X Node, the PFET source coupled to the
supply rail and the NFET source coupled to the ground/
reference; and

further comprising a diode connected PFET coupled
between the supply rail and the PFET of the IN_X
inverter, to reduce the supply voltage at the PFET
source.
18. The method of claim 12, wherein the ground/reference
comprises circuit ground.
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